T he control of the epidemic of gonorrhea continues to present a significant public health challenge in the United States. 1, 2 Numerous studies have identified individual-level risk factors and outlined recommendations typically targeted on high-risk persons who are closer to the disease "epicenter" in the causal chain and contribute to disease transmission. 3, 4 Federally supported public health measures focus mainly upon enhanced surveillance, screening, effective treatment, partner notification, and behavioral intervention. When sustained, these measures appear effective: the national gonorrhea rate decreased by 75% from 468 cases per 100,000 population in 1975 to the record-low rate of 116 cases per 100,000 population in 2004. 5 However, despite these important gains, significant reductions must still occur if the Healthy People 2010 (HP2010) objective of 19 cases per 100,000 population is to be realized.
In order to achieve such reductions there is increasing advocacy for paying more attention to social determinants of disease, 6, 7 and an inverse relationship between community socioeconomic status (SES) and gonorrhea rates have been well documented. 8 -20 The possible mechanisms linking community SES to gonorrhea might be because of: more prevalent highrisk sexual behaviors, lack of normative standards caused by high mobility in communities with irregular SES, and the absence of public services and resources in communities without financial security. 21 Thomas also emphasized the importance of the lingering historical legacy of slavery, unfair economic policies, and disparities in rates of incarceration among men as factors affecting the epidemiology of sexually transmitted disease (STD). 22 Within this context, it becomes apparent that merely living within a socioeconomically disadvantaged community may also place a population at a disadvantage for acquisition and transmission of gonorrhea among sexually active persons regardless of individual risk factors. 23 Questions remain regarding the SES-gonorrhea relationship from previous studies. In particular, community SES and racial composition have usually been measured at a fixed time point. Thus, the longitudinal impact of fluctuations in community SES and racial composition on gonorrhea rates has not been extensively studied.
Gonorrhea is the second most commonly reported STD in New York State (NYS), exclusive of New York City (NYC). The number of gonorrhea cases declined considerably during 1992 to 2002, correlated with the implementation of a geographically targeted field intervention. 24 However, the rate in 2002 (84 cases per 100,000 population) was substantially higher than the HP2010 objective, and wide variation in gonorrhea rates was observed across communities. Geographically, NYS excluding NYC is a combination of large rural areas with population concentrations in urban centers. Whites are still the predominant racial group, but blacks account for a substantial proportion of the population in some major municipalities and represent a growing demographic statewide. In addition to the changing demographics with an increased racial-ethnic diversity, between 1990 and 2000 increasing socioeconomic disparities have been observed characterized by higher poverty rates and growing income inequality. 25 This study was designed to quantify these changing community characteristics and ecologically assess their effect on gonorrhea incidence rates at the community level. Specifically, we characterized the distribution of gonorrhea across census tracts in NYS excluding NYC about SES and other demographic factors, and measured the longitudinal association between changes in community SES and changes in gonorrhea rates.
MATERIALS AND METHODS

Data Sources
NYS Public Health Law requires that health care providers and laboratories report suspected newly diagnosed or test-positive gonorrhea cases to local health departments, using the NYS Department of Health Electronic Clinical Laboratory Reporting System or the disease reporting paper form. After a report is received and verified by the local health department, the information is forwarded to the NYS Department of Health via a web-based reporting system, the Communicable Disease Electronic Surveillance System. All laboratory-confirmed gonorrhea cases are then added to a confidential STD surveillance database.
Laboratory-confirmed gonorrhea cases reported between 1992 and 2002 in NYS excluding NYC were considered as incident cases. One person may be included multiple times during the study period if repeated infections were reported. Cases were coded to their 2000 census block group of the recorded home address using MapInfo 7.0 (MapInfo, Corp., Troy, NY), then aggregated at the census tract level by year, and finally matched to the census data.
Census tracts were used as the study unit to approximate the concept of "community." Census tract characteristics in 1990 and 2000 were obtained from the Neighborhood Change Database (GeoLytics, Inc., East Brunswick, NJ). The 1990 census variables were standardized to the 2000 boundaries and categories in order to assess changes in community characteristics across censuses. 26 This study initially included all 2690 census tracts in NYS excluding NYC, and the associations between community characteristics and gonorrhea rates were investigated separately for census tracts by their level of urbanization based on the 1993 rural-urban continuum codes and the population density. However, the analyses was subsequently focused on 740 census tracts from 15 urban counties with high population densities where reported gonorrhea morbidity was overwhelmingly concentrated (i.e., 73% of cases were reported from these tracts) and community characteristics were more diverse; there was wide variation in gonorrhea rates between the 2 time periods in the remaining census tracts. The details of urban classification have been described elsewhere. 25 
Variables of Interest
The outcome variable was the census-tract level gonorrhea rate, determined by the number of reported gonorrhea cases among the source population at 2 points in time, using 2-year averages to stabilize rates (1992-1993 and 2001-2002) . Because community SES was a primary interest in this study, we chose to use existing indicators of SES contained within the US Census data. Those selected, listed in Table 1 , were based on findings from previous research with specific interests in measuring both wealth and income. [27] [28] [29] [30] [31] Although factors measure different aspects of a community's resources, substantial correlations between these factors exist. We initially chose to include multiple SES factors in the analysis for the most complete assessment possible. In the final multivariate model, the proportion of working class population, high school dropout rate, and household poverty rate were selected as measures of community SES primarily based on the study focus, with consideration of the Pearson correlation coefficient between the SES variables (Ͻ0.6), the degree of change that occurred during 1990 to 2000 and the statistical significance from the bivariate analysis. All community demographic and SES variables were measured at 2 points in time (1990 and 2000) and the percent change for each characteristic was calculated.
Statistical Analyses
The community characteristics in 1990 and 2000 were linked with the average gonorrhea rates in 1992-1993 and 2001-2002, respectively. The descriptive analysis was conducted to depict the relationships between community characteristics and gonorrhea rates at 2 points of time. To assess the longitudinal impact of community SES and racial composition on gonorrhea, a negative binomial regression model was utilized to estimate the expected change in the gonorrhea rate over time according to changes in community characteristics between 1990 and 2000. 32 The logarithm of the number of gonorrhea cases in each census tract in 1992-1993 and in [2001] [2002] was modeled with the 1990 baseline community characteristics and changes in these characteristics (the change was set to zero at the baseline); the logarithm of the total census tract population was included as an offset. All variables were modeled as continuous and the coefficients for changes in community characteristics and their 95% confidence intervals (CI) were used to estimate the rate ratio (RR) of the 2001-2002 gonorrhea rates to the 1992-1993 rates given a 5% increase in a particular community characteristic. Generalized estimating equations were used to adjust for the correlation among repeated observations. Additional analyses were also conducted to assess the possible interaction effects between community racial distribution, SES, and gonorrhea rates. All data were analyzed using SAS, Version 8.2, software (SAS Institute, Inc., Cary, NC).
RESULTS
From 1992 to 2002, a total of 100,756 gonorrhea cases were reported from 57 counties. Of those cases, 95,671 (94.9%) were successfully coded and matched to a census tract. Gonorrhea was concentrated in urban areas (Buffalo-Niagara Falls, Rochester, Syracuse, Albany-Schenectady-Troy, and NassauSuffolk) and some densely populated yet isolated rural towns located near military bases and colleges. These census tracts with high gonorrhea rates are primarily located along the Erie Canal, now lined with major highways in NYS (Fig. 1) . The 740 urban census tracts accounted for 73% of total reported gonorrhea cases over the decade. Gonorrhea rates within these urban tracts were substantially higher among those with a low SES, poor housing conditions, and a high proportion (i.e., greater than 10%) of the population comprised of non-Hispanic blacks ( Table 2 ). The gonorrhea rate was correspondingly low in census tracts with minimal urban profiles.
Statewide, the gonorrhea rates decreased by 25% from 112 cases per 100,000 in 1992 to 84 cases per 100,000 in 2002, largely because of pronounced declines in urban areas. Conversely, gonorrhea gradually increased in some suburban and rural areas in the lower Hudson Valley. However, changes in the gonorrhea rates between baseline (1992-1993) and follow-up (2001) (2002) were not homogenous across the 740 urban communities about their baseline characteristics. Specifically, a noticeable decrease in gonorrhea rates occurred among socioeconomically disadvantaged and minority communities, but remained unchanged or slightly increased among many communities with better SES or low proportion of non-Hispanic black population at baseline (Table 2 ). Further analyses revealed that among communities with a 10% or higher household poverty rate in 1990, the gonorrhea rates declined by 26% (686.7 cases per 100,000 in 2001-2002 vs. 928.2 cases per 100,000 in 1992-1993) among those communities that had a decreased poverty rate between 1990 and 2000. Minority communities (10% or higher non-Hispanic black population) that experienced a decline in household poverty also had a 34% decrease in the gonorrhea rates (714.5 cases per 100,000 in 2001-2002 vs. 1084.3 cases per 100,000 in 1992-1993).
The analytical models highlighted significant associations between changes in community SES and gonorrhea rate changes between 1992-1993 and 2001-2002 (Table 3 ). The bivariate analyses indicated that changes in the household poverty rate, the relative size of the working class, unemployment rate, and vacant housing units were positively related to the gonorrhea rates. Increases in the non-Hispanic black population also was significantly associated with gonorrhea rate changes. Conversely, increases in the relative size of college educated, males, and the foreign-born populations were associated with decreases in gonorrhea rates.
Multivariate analysis showed that significant associations persisted between changes in both race and the 3 key community SES indicators and changes in gonorrhea rates, after adjusting for alterations in other community demographics (Table 3) . Specifically, the model indicated that a 5% increase in the household poverty rate was associated with an 8% increase in the gonorrhea rates (RR ϭ 1.08; 95% CI: 1.02, 1.14), after adjusting for other community characteristics. In addition, the association between changes in the proportion of non-Hispanic black population and the gonorrhea rates remained even when multiple SES variables were adjusted (RR ϭ 1.20 for a 5% increase in non-Hispanic black population; 95% CI: 1.16, 1.24).
However, understanding the relationship and interaction of race and community SES and their effect on gonorrhea infection is complicated. Although the interaction term between these 2 factors was significant at baseline, only the changes in the black population and SES, but not the interaction term, were associated with changes in gonorrhea rates between 1992 and 2002. Furthermore, within the subset of 458 communities with a low proportion (Ͻ10% of the population) of nonHispanic blacks in 1990, where increases in the gonorrhea rates were commonly seen, a 5%increase in household poverty rate was associated with a 23% increase in the gonorrhea rate (95% CI: 1.07, 1.40) ( Table 4 ). The significant association remained between changes in the proportion of non-Hispanic black population and the gonorrhea rates (RR ϭ 1.29 for a 5% increase in non-Hispanic black population; 95% CI: 1.22, 1.37).
In comparison, within the 282 urban communities with a 10% or higher of non-Hispanic blacks at baseline, the association between the change in household poverty rate and gonorrhea rates was largely attenuated (RR ϭ 1.02) although a change in the working class population was significantly related to the gonorrhea rate (Table 4) . However, additional analysis revealed that communities with declining household poverty rate experienced an 18% greater reduction in the gonorrhea rate (RR ϭ 0.68) when compared to those with an increased poverty rate (RR ϭ 0.83; 2-sided P Ͻ 0.01 for the ratio difference). Inclusion of non-Hispanic black population change in the model also resulted in a weakened yet significant association with the gonorrhea rates (RR ϭ 1.07). The associ-ation between changes in community demographics and SES and the gonorrhea rate were also modeled separately for female and male cases, and the results did not differ substantially, except within the subset of communities with a high proportion of non-Hispanic blacks at baseline where a 5% increase in the male population was associated with a significant (16%) decrease in the gonorrhea rate (Table 4) .
DISCUSSION
This study is consistent with prior research findings that community SES is significantly associated with gonorrhea risk. The cross-sectional results at both time periods reflected clear socioeconomic gradients for gonorrhea rates, demonstrating that inner-city urban census tracts with low SES had the highest gonorrhea rates. It also presents new longitudinal evidence supporting a temporal association between community SES and gonorrhea rates. In urban communities where we had the power to assess the effects of community changes, gonorrhea rates decreased with SES improvements. Results from this longitudinal analysis indicate that changes in gonorrhea rates were significantly associated with changes in community poverty, working class population and the high school dropout rate over the last decade of the 20th century. Research in other fields has also demonstrated that changes in area-based socioeconomic characteristics were related to changes in mortality, tuberculosis incidence, reproductive outcomes, and in limiting long-term illness. [33] [34] [35] [36] [37] The consistency of these findings suggests a possible causal link between the social environment and the risk of disease. However, proving such a link remains a methodological challenge even in some randomized social intervention studies. 38, 39 The fact that gonorrhea rates remain low among communities with better SES suggests that such communities have material and social resources, which may have a buffer effect against the spread of disease. 40 Proponents of improvements in community socioeconomic resources suggest such enhancements may encourage healthier behaviors and facilitate better health outcomes. 41 The substantial reductions in gonorrhea rates observed among urban census tracts with a low SES and high propor- *The reference group for the cross-sectional analyses in each category was census tracts with the lowest risk for gonorrhea. The rate ratio and its 95% confidence interval were estimated using a negative binomial model solved with GEEs. tion of black population complicated our analysis. This occurrence may, at least in part, be attributable to the effect of STD control interventions initiated in the late 1980s which have been targeted predominantly in urban areas with low SES and high gonorrhea morbidity in NYS exclusive of NYC. 24, 42 Despite the masking effect of the morbidity decline within these areas, our results showed that SES variables were still significantly associated with gonorrhea rates and that the declines were greater within those communities experiencing improvements in SES, suggesting that low community SES may predispose urban, disadvantaged communities to higher gonorrhea rates.
Our findings also showed a significant association between race and gonorrhea infection, which was independent of the effect of the SES indicators included in our model. Although race is obviously strongly correlated with SES, these findings support the position that there are factors of race that transcend poverty. 43 Health disparities across racial groups have been considered to be related to historical factors including racial discrimination and residential segregation which may influence sexual networks, and access to health care and preventive services. 44 -53 Thomas has argued that the historical legacy of "social forces" such as racism and segregation have produced an ecological environment that facilitates the transmission of sexually transmitted infection. 22 These environments not only "predispose individuals to behaviors facilitating transmission," 22 but also have produced disproportionate levels of incarceration of black males, which contributes to social disorganization, disrupts sex ratios, and may affect sexual networks and transmission of infection in ways that transcend individual risk behaviors. The results of our stratified analysis which showed a 16% decline in the gonorrhea rate within urban, high minority census tracts that experienced a 5% increase in the population of males, might be an indication of some quantitative support for this hypothesis.
Several specific caveats to this analysis should be noted. First, variations in gonorrhea reporting may impact disease trends across time and geography. Although the surveillance system is well established in NYS for mandatory gonorrhea case reports and laboratory tests are reported 
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consistently during the study period, the use of syndromic management without laboratory confirmation by, and the extent of compliance with case reporting from, private physicians is unknown. Results from a US physician survey showed low rates of routine screening and reporting of STDs from physicians, and presumptive treatment for gonorrhea without confirmatory tests was common. 54 Because this study included a variety of communities, selective underreporting by providers may bias results. As women are more likely to have routine screening for gonorrhea across SES and race/ethnic groups, we stratified the data by gender; no differences were found that would indicate a detection bias of the surveillance system. Second, census tracts are commonly used in epidemiologic research to approximate the concept of community because they are considered to be a relatively homogeneous unit. However, evidence from this study and others indicates that census tracts mainly reflect relatively arbitrary geographic or physical boundaries and are not necessarily homogeneous. [55] [56] [57] The operational definition of community is still open for debate and needs refinement. In addition, the spatial autocorrelation between census tracts was not estimated because of the limitations of available software which does not assess the spatial autocorrelations for longitudinal research. This problem may have produced a small underestimation of standard errors. 20 Third, evidence suggests that blacks were more likely to be undercounted than whites in the 1990 census, 58 which may lead to an underestimation of indicators of low SES in urban communities with a high proportion of black population, whereas gonorrhea rates may be overestimated among these communities. Thus, the association between changes in community SES and gonorrhea rates may be underestimated.
Although numerous studies have been conducted to investigate the effects of SES on population health, consensus on measuring SES in public health research has yet to be reached. Selecting the relevant community SES factors is complex because these factors are likely interrelated and may influence each other, and the relevance of community SES for health may differ from one outcome to another. Meanwhile, some social epidemiologists may be interested in predicting linear effects of community SES, whereas others may prefer threshold effects. In this study, multiple SES factors were measured in both continuous and categorical formats at 2 different points of time. In the multivariate model the focus was on 3 SES variables that had relatively low correlations compared to other SES measures. To develop confidence in the findings, we conducted multiple analyses to assess the robustness of the model presented. These included inclusion of all SES factors, different subsets of SES factors, and a summary measure of SES factors developed, using a regression equation. Results from analyses with these variations are consistent with the overall finding presented.
In recent years, STD control strategies have focused primarily upon individual biologic and behavioral interventions. 6, 59, 60 The latter became particularly important in the context of the HIV/AIDS epidemic. In the short term, such strategies may have an impact on interrupting disease transmission. 61 However, as inquiries into health disparities have grown, it has become increasingly appreciated that STD risk cannot be fully explained by individual sexual behavior, 53, 62 and that sustained changes in sexual behavior are difficult to maintain in an "unhealthy" social and economic environment.
This study demonstrated that longitudinal changes in community racial distribution and SES were significantly associated with changes in gonorrhea rates at the census tract level, adding to the accumulating evidence which suggests that in order to achieve and sustain reductions in community-level disparities of sexually transmitted infections, public health programs need to pay greater attention to the social and economic environment. The barriers to incorporating such interventions through economic and health policies are considerable, 63 but not impossible. 64 -66 The US Department of Health and Human Services with the publication of the HP2010, 67 specifically pointed to the importance of and need to address social determinants of health, while at the same time recognizing that any intervention efforts focused in this area will require collaboration across many disciplines and cooperation between a variety of government agencies and private institutions. At the very least, continued discussion is needed that will foster development of improved methodological approaches to guide future SES-disease research. In addition, inclusion of data on social factors into existing surveillance systems is advocated to facilitate the study of their relationship to patterns of disease at the community level.
